The amino acid sequence of locust cytochrome c was determined, although the overlap between chymotryptic and tryptic peptides at residues tyrosine-97 and leucine-98 was not observed, owing to an anomalous tryptic break duplicating the chymotryptic digestion. The molecule consists ofa single polypeptide chain of 107 residues, homologous with other mitochondrial cytochromes c. In common with other known insect cytochromes c, it possesses a non-acetylated, four-residue tail at the N-terminus relative to glycine-1 of the standard alignment. A molecular phylogeny for 17 species was constructed relating the cytochrome c molecules of Schistocerca gregaria and other invertebrates with those of representative taxonomic groups. Experimental details are given in a supplementary paper deposited as Supplementary Publication SUP 50077 (24 pages) at the British Library Lending Division, Boston Spa, Wetherby, West Yorkshire LS23 7BQ, U.K., from whom copies can be obtained on the terms indicated in Biochem. J. (1977) 161, 1.
The use of amino acid-sequence data for cytochrome c in the construction of molecular phylogenies is well documented (Dayhoff, 1972; Boulter, 1973) . However, within the animal kingdom, there has been a strong bias towards the vertebrates, which provide 29 sequences compared with the six known from invertebrate sources (see Dayhoff, 1972 Dayhoff, , 1973 . The cytochrome c of aerobic eukaryotes functions as an electron carrier within the terminal oxidation chain (see Lemberg &Barrett, 1973) , and an organism may be judged as a potential source of the protein from the extent of its muscular activity. The disregard for invertebrate cytochromes c, despite their phylogenetic interest, has been based on the expectation of low yields from the majority of members of this animal group. An exception is the phylum Arthropoda, whose members are frequently muscularly active and from which sequences of five insect cytochromes c have been reported [Chan & Margoliash (1966) Wojciech & Margoliash (1968) ; Chan, 1970; Fernandez-Sousa et al., 1975 Trypsin (Tos-Phe-CH2Cl*-treated, twice recrystallized) and a-chymotrypsin (twice recrystallized) were from Worthington Biochemical Corp., Freehold, NJ, U.S.A. Carboxypeptidase A (di-isopropyl phosphorofluoridate-treated) was from Sigma (London) Chemical Co., London S.W.6, U.K. 9,10-Phenanthraquinone was from Koch-Light Laboratories, Colnbrook, Bucks., U.K. Pyridine (no-ninhydrin grade) was from Rathburn Chemicals, Walkerburn, Peeblesshire, Scotland, U.K. Triethylamine and chemical kits for the Beckman 890C Sequencer (Beckman, 1972) were from Pierce Chemicals, Rockford, IL, U.S.A.
Other materials were as described by Thompson et al. (1970 Thompson et al. ( , 1971 . Methods The isolation and purification of cytochrome c from Schistocerca was essentially as described for plant material (Richardson et al., 1970 , with (ray. 4.2cm) for 20min at 2°C and the supernatant was exhaustively dialysed against 10mM-NaH2PO4/ Na2HPO4 buffer, pH7.2, before concentration on a column (1cm x 5cm) of CM-52 cellulose equilibrated in the same buffer. The amino acid sequence was determined as described by Thompson et al. (1970 Thompson et al. ( , 1971 , with the following modifications.
(1) Peptides were purified by electrophoresis at pH6.5 and pH 1.9, together with descending chromatography on Whatman 3 MM paper with butan-l-ol/acetic acid/water/pyridine (15:3:12:10, by vol.) as solvent (Waley & Watson, 1953) . (2) Peptides were located on guide strips by using a combination of the phenanthraquinone, ninhydrin and p-dimethylaminobenzaldehyde reagents (Yamada & Itano, 1966) . (3) Purified peptides were sequenced by using a variation of the dansylphenylisothiocyanate method (Gray & Hartley, 1963) described by Ambler & Wynn (1973) . Freezedried peptide samples were dansylated with 10p1 of a 1 :1 (v/v) mixture of 0.1 M-triethylamine and a solution containing 5 mg ofdansyl chloride/ml of acetone. The reaction was for 30min at 45°C and terminated by drying in vacuo. Dansyl derivatives were identified afterchromatographyon 5 cm x 5 cm polyamidesheets in the solvent system described by Ramshaw et al. (1970) . C-Terminal residues were determined by carboxypeptidase-A analysis as described by Ramshaw et al. (1974a) . (4) The composition was determined from three quadruple 50nmol samples hydrolysed for 22, 48 and 72h. The results are expressed as residues/molecule. The mean values are expressed as a mean of the twelve hydrolyses; the values extrapolated to zero time (*) were found by assuming first-order kinetics for destruction (Moore & Stein, 1963 amino acid composition and sequence composition for serine, glutamic acid, phenylalanine and lysine.
Tryptophan was not found by amino acid analysis, but spectrophotometric (Goodwin & Morton, 1946) and sequence analysis indicated that a single residue was present.
The amino acid sequence was determined from the analysis of two chymotryptic digestions, one tryptic digestion and from results obtained with a Beckman 890C sequencer. (The details of the experimental evidence for the sequence oflocust cytochrome c is given in Supplementary Publication SUP 50077.) The sequence is shown in Fig. 1 , together with the points of enzyme cleavage and the overlapping peptides from which the sequence was deduced. The observed enzyme specificities were consistent with those expected (Smyth, 1967; Kasper, 1970) , although partial tryptic cleavage was observed at phenylalanine-65 and phenylalanine-82, and full tryptic cleavage at tyrosine-97. All residues were positively identified in both chymotryptic and tryptic digestions except for residues 8, 39 and 59, which were placed from the evidence of the chymotryptic digestions or the automatic-sequencer data. Amino acid substitutions (%) Fig. 2 . Phylogeny constructedby the ancestral-sequence methodrelating 17 amino acidsequences ofcytochrome c Sequences were aligned relative to the cysteine residues; absent residues at the N-and C-terminus were computed as amino acid differences. No equal alternatives were found for this minimum topology. A computation of the 103 residues common to the sequences gave an identical, minimum topology with shortened branch-lengths. All sequences were taken from Dayhoff (1972, 1973) except: (a) Brown et al. (1972) ; (b) Fernandez-Sousa et al. (1975) ; (c) Meatyard & Boulter (1974) .
All possible overlaps between chymotryptic and tryptic peptides were observed except in the region of peptides C2CA-C2CB/T4CA-T4CB (see the Supplement for details of terminology), where the order was made plain from the sequencer data, and in the region of peptides C14-C15/T13A-T13B, where the order was clear from the overlaps apparent at peptides C13-C14/T13A and C15(C15A)/T13B-T14. All acidic and amide residues indicated in the sequence were placed from a combination of electrophoretic mobilities of intact or partially degraded peptides and automatic-sequencer analysis.
Discussion
Schistocerca cytochrome c was readily denatured in 95% (v/v) ethanol (Margoliash et al., 1962) and was Vol. 163 adequately digested with chymotrypsin and trypsin, which showed the specificities generally expected (Smyth, 1967; Kasper, 1970) . However, Tos-PheCH2Cl-treated trypsin totally cleaved a tyrosineleucine peptide bond, and partially cleaved a phenylalanine-isoleucine bond and a phenylalaninealanine bond. The activity of trypsin at tyrosyl bonds in peptides has been reported (Matsubara et al., 1967) and was attributed to chymotryptic contamination removable by treatment with Tos-Phe-CH2CI and SE-Sephadex chromatography (Keil-Dlouha et al., 1971 ). There are no reports of trypsin acting at phenylalanyl bonds in peptides, although other anomalies have been reported (Bachmayer et al., 1968; Plapp et al., 1967) .
A comparison of the six insect cytochromes c shows that they are all 107 residues in length and have a non-acetylated N-terminus and four additional residues in the N-terminal region relative to glycine-1 of the standard alignment of cytochromes c (see Dayhoff, 1972) . This 'tail' is identical in all cytochromes except the locust, which has glutamine instead of alanine in the '-1'-position (see Fig. 1) ; it remains to be seen if this is a general characteristic of arthropod cytochrome c. The amino acid sequence of Helix (garden snail) cytochrome c (Brown et al., 1972) and the insect sequences were compared with representative sequences of other taxonomic groups. A molecular phylogeny relating 17 sequences was constructed by using a computer program based on the methods of Dayhoff & Eck (1966) and Dayhoff (1972) (see Fig. 2 ).
The results indicate that the primary structure of insect cytochrome c is sufficiently variable to resolve the orders of Insecta within a molecular phylogeny. Although this one additional sequence ofa member of the insect order Orthoptera simply confirms classical views in the group, an extension of the study to the Arthropoda as a whole should add to the discussion concerning the mono-or poly-phyletic origins for this group of organisms (see Siewing, 1960; Sharov, 1966; Dahl, 1969; Manton, 1973; Cisne, 1974) .
